Kö zé p fasor 52, Szeged, Hungary Neosartorya fischeri antifungal protein (NFAP) is a b-defensin-like peptide produced by the N. fischeri NRRL 181 isolate. In this study, we investigated the manifestation of the antimicrobial effect of NFAP via heterologous expression of the nfap gene in an NFAP-sensitive fungus, Aspergillus nidulans. Heterologous expression of the nfap gene was carried out in A. nidulans CS2902 using a pAMA1-based autonomous replicative vector construct. The effect of the produced NFAP on the germination of A. nidulans conidia was investigated by scanning electron microscopy (SEM), and by DAPI and Calcofluor white (CFW) staining. 29,79-Dichlorodihydrofluorescein diacetate staining and an Annexin V-FITC Apoptosis Detection kit were used to reveal the accumulation of reactive oxygen species (ROS) and the possible apoptotic, necrotic effect. The impact of mono-and divalent cations on the antimicrobial activity of NFAP was also examined. Transformants expressing the nfap gene showed reduced hyphal growth compared with the untransformed strain. This effect was absent in the presence of monoand divalent cations (50 and 100 mM KCl, Mg 2 SO 4 , Na 2 SO 4 ). Delayed and abnormal germination was observed in the case of transformants. Conidia developed short branching germination tubes with swollen tips. The great majority of germinating conidia were destroyed after 8 h of cultivation, although a few survived and developed into abnormal hyphae. Damage in the organization of the cell wall, the destruction of chitin filaments and the accumulation of nuclei at the broken hyphal tips were detected by SEM, DAPI and CFW staining. The accumulation of ROS and more frequent apoptotic, necrotic events were also observed in the case of the NFAPproducing A. nidulans strain.
INTRODUCTION
Defensins are a family of evolutionarily related antimicrobial peptides with a broad antimicrobial spectrum, but different modes of action (Theis & Stahl, 2004) . Similar proteins are widely distributed in nature; they are not limited to higher organisms (Brown & Hancock, 2006) .
From the second part of the 1990s, three low-molecularmass, basic, cysteine-rich, extracellular antifungal proteins with highly similar structure to b-defensins have been isolated and characterized from fungal isolates belonging to the genus Aspergillus: Aspergillus giganteus (Aspergillus giganteus antifungal protein; AFP), Aspergillus clavatus (Aspergillus clavatus antifungal protein; AcAMP) and Aspergillus niger (Aspergillus niger antifungal protein; ANAFP) (Meyer, 2008; Hajji et al., 2010) . In our previous work we demonstrated that the Neosartorya fischeri (anamorph: Aspergillus fischerianus) NRRL 181 isolate also secretes a similar protein, the Neosartorya fischeri antifungal protein (NFAP) (Kovács et al., 2011a) . It consists of 57 amino acid residues, and has a calculated molecular mass of 6625.5 Da and a pI of 8.93. Its primary amino acid sequence shows only 37.9-44.8 % identity to AFP, AcAMP and ANAFP, but conserved homologous amino acid positions can be found mainly in the flanking regions of cysteines. The in silico predicted 3D structure of NFAP is also very similar to the b-defensin-like molecules: five antiparallel b-sheets connected with small loops, stabilized by three intramolecular disulfide bridges (Kovács et al., 2011a in a dose-dependent manner, maintains its antifungal activity within wide pH and temperature ranges, and furthermore exhibits resistance to proteolysis (Kovács et al., 2011a, b) . The manifestation of the antifungal effect of NFAP on the hyphal morphology of a sensitive fungus is similar to those described previously for AFP (Meyer, 2008) and Penicillium chrysogenum antifungal protein (PAF) against Aspergillus nidulans (Kaiserer et al., 2003) . Microscopic observations have revealed abnormal and delayed conidial germination in the case of A. niger when the fungus is cultivated in the presence of 100 mg NFAP ml
21
, and total destruction of the germination tubes at 200 mg NFAP ml
. The growth of A. nidulans is also inhibited at these concentrations, but not as effectively as that of A. niger (Kovács et al., 2011a) .
These previous results suggest that NFAP is a potential antifungal peptide with practical applications; however, the underlying mechanisms and the mode of its antifungal effect have not been studied so far. For this purpose we expressed NFAP in an NFAP-sensitive A. nidulans strain by the use of an autonomous replicative vector construct. In this study we investigated the structure of germinating conidia and the possible apoptotic and necrotic effects of NFAP in the NFAP-secreting A. nidulans. Furthermore we also examined the antimicrobial effect of NFAP in the presence of mono-and divalent cations.
METHODS
Strains and media. Heterologous expression of the nfap gene was carried out in A. nidulans CS2902 (pyrG89, riboB2, pyroA4, biA1) (Yu et al., 2004) . This strain was maintained in complete medium (CM) supplemented with uracil and uridine at 4 uC, and the transformation procedures were achieved in minimal medium (MM) (Kaminskyj, 2001) . CM broth supplemented with uracil and uridine was used for the investigation of the antimicrobial effects of NFAP. A. nidulans SZMC 0307 (Szeged Microbial Collection, University of Szeged, Szeged, Hungary) was employed in antimicrobial susceptibility tests. This strain was maintained in CM.
Construction of pLGnfap. NFAP-encoding cDNA was isolated with primers PRIMER1F (59-GGC CCC ATG GAG ATC ACT AAG ATT TCC C-39) and PRIMER1R (59-GGC CGG ATC CTC AAT GGC GGA AGT CAC ACT TG-39) as described previously (Kovács et al., 2011a) , and it was digested with NcoI and BamHI (Fermentas), then cloned to the corresponding sites of the pANGFP plasmid (Pokorska et al., 2000) . NFAP encoding cDNA with the gpdA promoter region at its 59 end and with trpC terminal region at its 39 end was digested out from this vector construct with EcoRI and HindIII (Fermentas). This fragment was treated with DNA Polymerase I Large (Klenow, Fermentas), then cloned into the SmaI-digested (Fermentas) pAMA1 vector (Osherov & May, 2000) . This autonomous replicative construct carries the nfap cDNA with the gpdA promoter and trpC terminal region of the pANGFP vector, and the pUC19 and pyr4 region of pAMA1 (Fig. 1) .
Expression of NFAP in A. nidulans CS2902. Transformation of pLGnfap into A. nidulans CS2902 was achieved by the method described by Tilburn et al. (1983) . Transformants were selected on MM as a selection medium. Positive clones were purified then recultivated again onto MM, and the stable clones were selected for further investigations. The presence of the pLGnfap in positive clones was confirmed by PCR using primers PRIMER1F and PRIMER1R, and by sequencing of the PCR products (LGC Genomics).
Based on previous optimization of the fermentation conditions for production of heterologous NFAP (hNFAP) (data not shown), 10 5 conidia of transformants were incubated in CM at 37 uC with shaking (160 r.p.m.) for 5 days. After harvesting the mycelia by centrifugation (30 min, 10 000 g, 4 uC), hNFAP was purified from the broth as described previously (Kovács et al., 2011a) . Untransformed A. nidulans CS2902 was used as a control. For measuring the concentration of the purified hNFAP, a Qubit fluorimeter (Invitrogen) was used.
The identity of purified hNFAP was confirmed with N-terminal amino acid sequencing by the Edman degradation method using an ABI Procise model 492 Edman Micro Sequencer connected online to an ABI model 140C PTH Amino Acid Analyzer at Innsbruck Medical University (Innsbruck, Austria).
Investigation of the antifungal effect of hNFAP on the growth of A. nidulans. The antifungal effect of hNFAP (300-12.5 mg ml 21 ) was investigated on A. nidulans SZMC 0307 and A. nidulans CS2902 with a microtitre plate bioassay (against 10 5 conidia ml 21 ) and an agar diffusion test (against 10 6 conidia ml 21 ), as described previously (Kovács et al., 2011a) . A. nidulans SZMC 0307 previously proved to be susceptible to NFAP (Kovács et al., 2011a) . The MICs of hNFAP were also determined with a microtitre plate bioassay against 10 For investigation of the self-poisoning effect of transformants, 10 4 , 10 5 and 10 6 conidia were inoculated in 10 ml CM and incubated at 37 uC with shaking (160 r.p.m.) for 7 days. The dry weight of the mycelia was measured after harvesting by centrifugation (30 min, 10 000 g) and lyophilization for 24 h. Untransformed A. nidulans CS2902 was used as a control. These experiments were repeated three times with three replicates.
Investigation of the manifestation of the antifungal effect of hNFAP on A. nidulans CS2902 transformants. The effect of the produced hNFAP on the germination of NFAP-producing A. nidulans CS2902 conidia was investigated with DAPI (Serva) and Calcofluor white (CFW; Sigma-Aldrich) staining. Ten millilitres of CM was inoculated with 10 5 conidia. After incubation under continuous shaking (160 r.p.m.) for 8, 12 and 24 h at 37 uC, 1 ml from each culture was centrifuged at 10 000 g for 10 min. Then the pellet was resuspended in 1 ml of 0.1 mg DAPI ml 21 staining solution and allowed to stain for 30 min at room temperature. In the case of CFW staining, the pellet was resuspended in 1 ml KOH solution (15 %, w/ v) containing 1 mg CFW ml 21 and was allowed to stain for 10 min at room temperature. Stained conidia and mycelia were collected again by centrifugation (10 min at 10 000 g), washed twice with distilled water (dw) and resuspended in 50 ml dw.
29,79-Dichlorodihydrofluorescein diacetate (H 2 DCFDA) staining based on the method described by Leiter et al. (2005) was used to observe the production and accumulation of reactive oxygen species (ROS) after incubation under continuous shaking (160 r.p.m.) for 12 h at 37 uC in CM inoculated with 10 5 conidia.
An Annexin V-FITC Apoptosis Detection kit (Sigma-Aldrich) was used based on the instructions of the manufacturer to reveal possible apoptotic and necrotic effects after incubation under continuous shaking (160 r.p.m.) for 8, 10 and 12 h at 37 uC in CM inoculated with 10 5 conidia (Krizsán et al., 2010).
The germinating conidia were examined and photographed by means of a light microscope with a fluorescence lamp (LR 66238C, Carl Zeiss, Axiolab) and a digital camera (Nikon, Coolpix 4500) in the above experiments.
The morphological changes exerted by NFAP on the germinating conidia were also investigated by scanning electron microscopy (SEM). For SEM the samples were prepared from CM inoculated with 10 5 conidia and incubated for 12 h at 37 uC with continuous shaking (160 r.p.m.). The germinated conidia were pre-fixed on coverslips with 2.5 % glutaraldehyde in 0.05 M cacodylate buffer (pH 7.5) overnight in a refrigerator without post-fixation. The samples were dehydrated with an ethanol series at 50, 70, 80, 90 and 95 %, followed by combined t-buthanol ethanol dehydration steps (1 : 2, 1 : 1, 2 : 1 proportions, 1 h incubation for each). Finally, we incubated the samples in absolute t-butanol for 26 1 h followed by an overnight freeze-drying process. Specimens were mounted on aluminium stubs by using double adhesive carbon tapes. SEM analyses were performed with a Hitachi S-4700 cold field emission scanning electron microscope. Samples had been coated for 60 s at 18 mA current, resulting in an~3 nm layer of Au-Pd target (60/40 ratio) by a sputter coater (Quorum Technologies, type SC 7620 'Mini'). During microscopy we used a 5.0 kV accelerating voltage with a 10 mA sample current. We operated the instrument in both low and high magnification modes (LM and HM), resulting in 61.5k to 63.01k magnification.
Untransformed A. nidulans CS2902 was used as a control in all experiments.
Investigation of the effect of mono-and divalent cations on the antimicrobial activity of hNFAP. To investigate the effect of monoand divalent cations on the antimicrobial activity of hNFAP, 10 ml CM was amended with 50 or 100 mM KCl, Mg 2 SO 4 or Na 2 SO 4 , and was inoculated with 10 5 conidia. After incubation at 37 uC with shaking (160 r.p.m.) for 7 days, mycelia were collected by centrifugation (30 min, 10 000 g) and their dry weight was measured after lyophilization for 24 h. Untransformed A. nidulans CS2902 was used as a control. Experiments were repeated three times with three replicates.
Statistical analysis. All the statistical analysis was performed using GraphPad Prism version 5.01 for Windows (GraphPad Software). Significant differences between sets of data were determined by oneway analysis of variance with Bonferroni's multiple comparison posttest according to the data.
RESULTS

Construction of pGLnfap and expression of NFAP in A. nidulans CS2902
A. nidulans CS2902 transformants harbouring the pLGnfap plasmid ( Fig. 1 ) produced hNFAP. The final yield of hNFAP from 1000 ml broth was 1680±223 mg using our purification method. The amount of the hNFAP and the dry weight of hyphae did not increase significantly after the fifth day of inoculation (data not shown).
Investigation of the antifungal effect of hNFAP on A. nidulans SZMC 0307 and A. nidulans CS2902 hNFAP exerted a potent antifungal activity against A. nidulans SZMC 0307 and A. nidulans CS2902 in the Table 1 . Antifungal activity of hNFAP in a microtitre plate bioassay and agar diffusion test against A. nidulans SZMC 0307 and A. nidulans CS2902 after incubation at 25 6C for 48 h
The untreated control was taken as 100 % of growth. SDs of three replicates (n53) at three times are indicated in parentheses. Significant differences (P values) were determined based on comparison with the untreated samples (0 mg hNFAP ml 21 ); ***P,0.0001; NS* no significant differences. concentration range from 300 to 100 mg ml
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, both in the microtitre plate bioassay and the agar diffusion test. Table  1 shows the results after 48 h of incubation at 25 u C. Both strains proved to be equally susceptible to hNFAP (Table  1) . The inhibition zones were clearly detectable in the agar diffusion test 14 days post-inoculation (data not shown).
Macroscopic observations revealed a reduction of hyphal growth in the case of the A. nidulans CS2902 transformants Fig. 3 . CFW staining of germinating conidia of (a) untransformed and (b) transformed A. nidulans CS2902 after incubation for 8, 12 and 24 h at 37 6C with shaking (160 r.p.m.) in CM inoculated with 10 5 conidia. Upper images, light microscopy; lower images, fluorescence microscopy of CFW staining. Hyphal fragments with destroyed chitin filaments (A) and unstructured cell walls (B) were detected after incubation for 8, 12 and 24 h. Hyphal growth retardation was observed in the case of transformants. Scale bars, 20 mm. (c-e) Scanning electron microscope images of the hyphae formed in the case of the untransformed (c) and transformed (d) A. nidulans CS2902 after incubation for 12 h at 37 6C with shaking (160 r.p.m.) in CM inoculated with 10 5 conidia. Hyphae with bubbles evolved from the mycelial wall were revealed in the case of transformants (e).
expressing the nfap gene compared with the untransformed A. nidulans strain. The self-poisoning effect of hNFAP on A. nidulans CS2902 transformants depended on the amount of conidia used for the inoculation. There were no significant differences in the dry weights of mycelia derived from non-transformants and transformants up to 10 4 conidia, but at 10 5 conidia a significant reduction in the dry weight was observed in the case of transformants compared with non-transformants; and a total self-killing effect was observed when the medium contained 10 6 conidia ( Table 2 ). The amounts of purified hNFAP from the 10 5 and 10 6 conidia inoculations corresponded well to the inhibitory concentration values of hNFAP which were exerted at the same conidia concentrations on A. nidulans CS2902 (Table 2 ). Based on these observations, 10 5 conidia were used for inoculation in further studies.
Investigation of the antifungal effect of hNFAP on A. nidulans CS2902 transformants
Microscopic observation revealed that transformants displayed abnormal and delayed germination compared with the untransformed strain: conidia formed very short, immediately branching germination tubes with swollen tips (Fig. 2) . The germination tubes were unstructured or destroyed after 8 h of cultivation (Figs 2, 3 and 4) . Later, the accumulation of nuclei at the broken hyphal tips was detected by DAPI staining (Fig. 2) . After incubation for 12 and 24 h, the accumulation of destroyed hyphal fragments with or without nuclei was observed in the medium (Fig. 2) .
CFW staining revealed differences in the organization of the chitin filaments between hyphae of the transformed and untransformed strains. Destroyed and diffused chitin filaments were observed in the developed hyphae after incubation of NFAP-producing A. nidulans CS2902 for 12 and 24 h (Fig. 3a, b) . SEM revealed that the evolved mycelial wall of the transformants was deformed, creased, twisted or bubbled compared with the mycelial wall of the non-transfomants (Fig. 3c) . These phenotypic changes signify that the structure and organization of the chitin filaments are damaged.
Elevated levels of ROS were observed by H 2 DCFDA staining in the case of transformed strains (Fig. 4) . A similar effect was evoked by 5 mg nystatin ml 21 in the case of non-transformants, which triggered ROS production (Fig. 4) .
Both apoptotic (45.81±12.95 %) and necrotic (3.6±1.1 %) events were detected after 8 h of incubation during the germination of NFAP-producing A. nidulans CS2902 conidia compared with untransformed strains (Fig. 5a, b) , where only a small proportion (3.5+2.4 %) of the conidia showed an apoptotic phenotype, and conidia with a necrotic phenotype were not detected (Fig. 5c ). The number of apoptotic germinating conidia increased with the incubation time, both in the NFAP-producing and in the nonproducing A. nidulans CS2902. At 12 h, necrotic germinating conidia also appeared in the case of non-transformants (1.2±0.24 %). Overall, the number of apoptotic and necrotic germinating conidia significantly increased after 12 h of incubation in the case of transformants (Fig. 5c) .
Investigation of the effects of mono-and divalent cations on the antimicrobial activity of hNFAP
The inhibition effect of mono-and divalent cations on the inhibitory potency of hNFAP was investigated by measuring the dry weight of mycelia from CM and CM supplemented with different salts at different concentrations. There were no significant differences in the dry weights of mycelia derived from CM and CM supplemented with mono-and divalent cations in the case of Fig. 4 . H 2 DCFDA staining of (a) untransformed, (b) untransformed in the presence of 5 mg nystatin ml "1 and (c) transformed A. nidulans CS2902 after incubation for 12 h at 37 6C with shaking (160 r.p.m.) in CM inoculated with 10 5 conidia. Upper images, light microscopy; lower images, fluorescence microscopy of H 2 DCFDA staining.
untransformed A. nidulans CS2902 (Table 3 ). The presence of mono-and divalent cations decreased the inhibitory potency of hNFAP towards A. nidulans CS2902 transformants (Table 3) . A significant increment in the dry weight of mycelia of the transformed strain was observed in the presence of increasing salt concentrations (Table 3) , i.e. by the application of 50 and 100 mM KCl, Na 2 SO 4 and MgSO 4 . Significant differences were revealed between the inhibitory potencies of KCl and MgSO 4 ( Table 3 ), suggesting that the inhibitory effect of the cations also depends on their electrovalency. Significant differences were also revealed between the inhibitory potencies of KCl and Na 2 SO 4 (Table 3) . Na + and K + are both monovalent cations, but considering that Na 2 SO 4 contains double the number of cations in one mole than KCl, an increment in the concentration of cations in the case of Na 2 SO 4 is an explanation for the stronger inhibitory effect.
Summarizing, the neutralizing effect of cations on NFAP activity corresponded to their amount and their electrovalency.
DISCUSSION
So that the antimicrobial effect of NFAP could be investigated from the early germination phase, this peptide was produced heterologously in an NFAP-sensitive A. nidulans strain using an autonomous replicative vector construct. When 10 5 A. nidulans transformant conidia were inoculated, heterologous expression yielded a similar amount of NFAP to that expressed by the natural producer N. fischeri NRRL 181 (Kovács et al., 2011a) . Inoculation with more than 10 5 conidia (i.e. 10 6 ) provoked a selfpoisoning effect. In fact, our vector construct would be appropriate for the production of high amounts of bdefensin-like antifungal proteins in the near future after its conidia. Significant differences (P values) were determined based on comparison with the percentage of control apoptotic or necrotic conidia. ***P,0.0001; **P,0.005; NS, no significant differences.
transformation into the producer micro-organism or into a non-sensitive, easily fermentable, 'generally recognized as safe' A. nidulans-related filamentous fungus. This would be an important achievement, since the high-yield production of b-defensin-like antifungal proteins has not been resolved, despite the available knowledge of the nature of their 59-upstream transcriptional regulation elements in response to environmental signals and stress (Marx, 2004; Meyer, 2008) .
The self-poisoning effect of A. nidulans CS2902 transformants depended on the amount of conidia used for inoculation. When 10 4 conidia were inoculated the selfpoisoning effect was not observed, which was related to the presence of a lower amount of produced hNFAP. However, increasing the concentration of the conidia showed a correlation with the reduction in the dry weight of developed mycelia, and total inhibition was reached when 10 6 conidia were applied. In this case, the amount of produced hNFAP in the fermentation broth was enough so that total growth inhibition was detected.
The self-poisoning effect was significantly reduced in the presence of mono-and divalent cations. Our data suggest that mono-and divalent cations act in a dose-dependent manner, and this inhibition depends on the amount of the cations rather than their electrovalency. This observation is comparable with previous studies, where the inhibitory potencies of AFP and PAF were decreased in the presence of .20 mM KH 2 PO 4 , 50-100 mM KCl/NaCl and .20 mM MgCl 2 , 50-100 mM Na 2 SO 4 , respectively, and a similar inhibitory effect has also been demonstrated in the case of plant and animal b-defensin-like proteins (Marx, 2004) . Furthermore, it has been observed that the membrane permeabilization effect of AFP is also cationsensitive (Theis et al., 2003) . These data suggest that NFAP can bind electrostatically to the fungal cell.
The manifestation of the antifungal effect of hNFAP exerted on A. nidulans CS2902 transformants was similar to those described for a related peptide from A. giganteus (Marx, 2004; Theis et al., 2003 Theis et al., , 2005 . Our microscopic observations revealed that the organization and/or the integrity of the cell wall in the germinating conidia were damaged and that the structure of the developed mycelia collapsed in the presence of hNFAP. A similar phenomenon was observed with the related peptide, AFP. AFP binds electrostatically to the cell membrane and the cell wall of sensitive species, and induces membrane permeabilization and pore formation that damages cell wall integrity (Theis et al., 2003 (Theis et al., , 2005 . AFP can also accumulate intracellularly, and disintegrates intracellular membrane structures (Theis et al., 2005) . Based on these similar results, we hypothesized that NFAP also has a specific binding target in the outer layer of the cell wall of sensitive fungi, but further investigations are needed to reveal their presence.
The structure and organization of chitin filaments was also damaged in the NFAP-producing A. nidulans CS2902. This impairment could be the result of damage to cell wall integrity and not of the specific inhibition of the chitin synthase, because of the lack of an N-terminal chitinbinding domain in NFAP that was described in the case of AFP (Hagen et al., 2007) . AFP can bind to the chitin by its N-terminal chitin-binding motifs in vitro, and inhibits cell wall chitin biosynthesis by the specific inhibition of chitin synthase III and V (Hagen et al., 2007) .
Elevated levels of intracellular ROS and apoptotic, necrotic events were observed during the germination of the Table 3 . Dry weight (mg) of untransformed and transformed A. nidulans CS2902 mycelia grown from 10 5 conidia ml "1 (c.f.u.) after incubation at 37 6C with shaking (160 r.p.m.) for 7 days in CM and CM supplemented with 50 and 100 mM KCl, Na 2 SO 4 and MgSO 4
SDs of three replicates (n53) at three times are indicated in parentheses. The statistical significance of the differences (P values) between the dry weights from CM and CM supplemented with different salts was determined based on comparison with the dry weight from CM without salt. ***P,0.0001; **P,0.005; *P,0.05; NS*, no significant differences.
The statistical significance of the differences (P values) between the dry weights from CM+50 mM salt and CM+100 mM salt was also determined based on comparison with the dry weight from CM+50 mM salt. DDDP,0.0001; DDP,0.005; DP,0.05; NSD, no significant differences.
The statistical significance of the differences (P values) between the dry weights from CM+KCl and CM+Na 2 SO 4 or MgSO 4 was also determined based on comparison with the dry weight from CM+KCl. dddP,0.0001; ddP,0.005; dP,0.05; NSd, no significant differences. transformed strain. ROS are major elicitors of programmed cell death (PCD). A similar effect was previously described in the case of PAF treatment of A. nidulans (Leiter et al., 2005) . PAF exerts multiple detrimental effects: induction of plasma membrane polarization, generation of intracellular ROS, and initiation of PCD through the ROS (Marx et al., 2008) . Further studies are needed to determine the reason for apoptosis, which might be explained either by a PAF-like effect (PCD through ROS induction) or by a mechanism that relates to the impairment of the germination process.
Supplement and strain
Medium
A more thorough investigation of the exact molecular mechanism of the antifungal effect of NFAP is necessary for its future practical application. We hypothesize that NFAP can bind electrostatically to the fungal cell and cause cell wall integrity damage and PCD through ROS induction.
Our results presented in this study are the first steps toward the understanding of NFAP-driven antifungal actions.
